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lydrido- complexes  of  transition-metals.  Part  1 .  Hydrido-  complexes 
of  Rhodium  (I)  and  Cobalt(I) , 

By  A.  Sacco  and  R.  tlgo 

\ 

•  'u;  ...ary  The  preparation  and.  properties  of  complex  salts 

of  rhodium(I),  of  formula  £Rh(C2H4'{pPh2}2  (X  =  cl> 

CIO4,  BPIu),  are  described.  Prom  these  a  very  stable 
hydrido- complex  of  rhodium(I),  of  formula  £RhH(  C2H4  (PPI12J  2  k 
is  prepared  by  reduction  with  lithium  aluminium  hydride 
and  with  sodium  borohydride.  The  product  of  reaction 
between  0oBr2 ( C2H4 {PPI12} 2 ) 2  and  sodium  borohydride, 


•vevionsiy  described  -^s  a  dor 
shown  to  be  a  hydrido- complex 


ivative  of  cobalt (0),  is 
of  cobalt (I),  of  formula 


fdoH(d2i-u|>  -’ho)  2)2]). 


This  formula  is  proved  by  the 


diamagnetism  of  the  compound,  by  its  infrared  spectrum 
and  by  its  reaction  with  carbon  tetrachloride  to  give 
chloroform.  Tire  dipole  moments,  of  the  order  of  ;>  -  4  D, 
suggest  a  non-ortogonal  structure  for  these  hydrido- 
oomplexes  of  rhodium  and  cobalt. 
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A  number  of  stable  hydrido- complexes  of  transition-metals,  of  gene= 
ral  formula  flJH  X  ll,  where  X  is  an  anionic  ligand  and  I  is  a  tertiary 

(i  \ 

phosphine  or  arsine,  have  been  prepared  in  these  last  years*  '  Among 
the  metals  of  the  cobalt  group,  many  very  stable  derivatives  of 
iridium  ^  and  only  a  few  of  rhodium  ^  are  known.  The  only  hydrido- 
complex  of  cobalt,  stabilised  by  a  tertiary  phosphine,  is  the  compound 
^CoH( C2H4 ^PPh2] 2)2]  1  which  has  been  recently  prepared  (together  with 
the  corresponding  deuteride)  in  these  laboratories  v  '  by  reduction 
of  CoBr2 (C2H4 jpPh2]  2)2  with  lithium  aluminium  hydride  (and  deuteride 
resp. )  in  tetrahydrofuran. 

In  this  paper  we  describe  the  preparation  and  properties  of  some 

complex  salts  of  rhodium(I)  of  formula  £ph(DPE)2]x  (DPE  =  1,2-bis(di= 

phenylphosphino) ethane;  X  =  Cl,  CIO4,  BPIm),  the  preparation  and 

properties  of  a  new  very  stable  hydrido- complex  of  rhodium(I),  of 

formula  [RhH(I)PE)2j  ,  and  we  prove  that  the  product  of  the  reaction 

(5 ) 

between  CoBr2(DPE)2  and  sodium  borohydride,  previously  described  ' 
as  a  derivative  of  cobalt(O),  actually  is  a  hydrido- complex  of  cobalt(I), 
of  formula  j_CoH(l)PE)2"]  * 

The  compound  [r^DPE^"] Cl  is  easily  prepared  from  [Rh(CO)2Cl]2  and 
the  d* phosphine  in  benzene.  It  is  a  stable,  yellow,  crystalline 
substance,  soluble  in  polar  organic  solvents,  in  which  it  is  ionised, 
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insoluble  in  hydrocarbons.-*  The  corresponding  perchlorate  and  tefcraphenyl- 
borate  are  readily  obtained  by  exchange  in  alcoholio  solution* 

Preparation  of  Hydrido- complexes.  ?:io  ' --yurido- complex  of  rhodium(I) 
is  obtained  by  reduction  of  |*Rh(£?J)2]ci  with  lithium  aluminium 
hydride  in  tetrahydrofuran  or  with  sodium  borohydride  in  ethanol.  It 
is  an  orange,  crystalline  compound,  rather  soluble  in  benzene,  insoluble 
in  alcohols  and  light  petroleum.  It  shows  a  considerable  thermal 

o 

stability  (m,p.  240  ;  deoomp.  230°),  but  it  is  rapidly  oxidised  by 
air. 

The  deuteride  is  obtained  in  a  similar  way  with  lithium  aluminium 
deuteride  in  tetrahydrofuran,  and  it  can  be  recrystallized  by  adding 
ethanol  to  its  benzene  solution  without  undergoing  any  detectable 
exchange. 

The  hydrido-complex  of  cobalt (I),  prepared  by  reduction  of  CoBr2  (DPE)2 
with  sodium  borohydride  either  in  absolute  or  in  aqueous  ethanol?  is 
exactly  alike,  both  before  and  after  recrystallisapion  from  benzene- 
ethanol  and  from  dimethylformamide,  to  the  compound  obtained  by 
reduction  with  lithium  aluminium  hydride 

Infrared  Absorption  Spectra.  The  infrared  spectrum  of  the  hydrido- 
complex  of  rhodium(I)  shows  a  strong  sharp  band  at  1902  an”1,  due  to 
the  metal-hydrogen  stretching  vibration;  the  spectrum  of  the  corresponding 
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deuterido-derivative  shows  a  sharp  strong  hand  at  1465  cnf 1  (ratio 
*  of  hydride  to  deuteride  stretching  frequencies  equal  to  1.39),  moreover, 
.  the  spectrum  of  the  hydridCKOomplax  shows  a  hand  at  6-6  cm™ 1  which 


does  not  appear  in  the  snectrun  of  the  deuterido- cornu lex ,  and  which 
we-  tentatively  assign  to  the  bending  mode  i(hh-H). 

The  infrared  spectrum  of  the  hydride-- complex  of  cobalt(I)  shows  a 
hand  of  medium  intensity  at  1884  enT!,  a«*.cribable,  by  comparison  with 
the  spectrum  of  the  corresponding  deuterj.de w' ,  to  the  stretching 
mods  {’  (ho-:i'! . 


The  increase  in  stretching  frequencies,  found  going  from  cobalt 
"  to  rhodium,  is  in  agreement  with  the  increase  of  Tfi-H  bond  strength 
.  generally  observed  in  massing  from  the  light  to  the  heavy  elements. 

Reactions.  The  nydrico—  ■  'j ex  of  rhodium(I)  reacts  at  room  temper 
rature  with  carbon  tetrac.  uorioe  according  to:- 
[RhH(DPE)2]  +'CCl4  =•  [hh(jjPE)2]ci  +  CHCI3 
and  with  perchloric  acid,  in  aqueous  ethanol,  giving  off  hydrogen 
according  to  the  equation: 

[iMl(DPE)2]  +  HClOn  =•  [Rh(DPE)2]ci04  +  H2 
By  treating  the  hydride  with  hydrogen  chloride  in  the  same  conditions, 

■ 

it  still  reacts  giving  off  Hydrogen  in  a  molar  ratio  hydrogen  to  complex 
’  of  1  to  1,  but  the  product  of  the  reaction  contains  two  atoms  of 


5 


chlorine  per  atom  of  rhodium  and  behaves  as  a  uni-univalent  electro= 
lyte.  This  compound  is  diamagnetic  and  shows  in  the  infrared  spectrum 
a  weak  hand  in  the  region  of  the  metal- hydrogen  stretching  vibrations, 
i.e.  at  2110  cnT1  *  The  same  compound  is  also  obtained  by  treating 
[fib (DEE) 2^ Cl  with  hydrogen  chloride  in  ethanol  under  nitrogen,  and 
therefore  we  consider  it  as  a  hydrido- complex  of  tri valent  rhodium, 
formed  as  follows: 

[HhH(DPE)2"]  +  HC1  =  [Rh(DPE)2]ci  +  H2 
[Rh(DPE)2]ci  +  HOI  ®  [RhHCl(DPE)2]ci 
Though  further  studies  will  be  undertaken  to  prove  this  formulation, 
this  is  supported  by  the  analogous  addition  of  hydrogen  chloride  to 
the  iridium(I)  complexes,  according  to: 

jlrCl  ( CO )  (PPh3 )  2]  +  HCl  =  jlrHCl2  ( 00 )  {P?h3 )  2*]  (6) 

[lrH(CO)(PPh3)o]  +  HCl  =  [lrH2(C0)(PPh3)3]ci  (7) 

and  to  the  platinum(II)  complex^  of  formula  [ptHClCPEtoh"]  to  give 
[ptH2Cl2(PSt3)2*]. 

The  hydrido- complex  of  cobalt(I)  does  not  give  off  hydrogen  by 
action  of  hydrogen  chloride  or  perchloric  aoid,  though  reacting 
giving  products  still  under  study.  Y/ith  carbon  tetrachloride  it 
gives  chloroform  and  not  yet  identified  cobalt  derivatives. 
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Dipole  moments  and  truoture.  The  hydrido- complex  of  medium!  1)  in 
benzene  solution  has  a  moment  of  4.35  h,  assuming  ?A=  0,  or  4.03  P, 
assuming  P  =  0.20  Pv.  The  hydrido- complex  of  cobalt (I)  has  a  moment 
Of  3.50  D  (?A=  0)  or  3.08  D  (PA=  O.’O  ?,). 

(1 ' 

The  values  of  the  dipole  moments  (4.2  -  4.9  £)  determined  hy  Chatt 
for  the  hydrido- complexes  of  the  type  trans-  [ftHCl ( FRa  ■  g~j  and  trans- 
'jiuICl  ( C2Hd jpE tj? ] 2 ) 2^J  (in  which  K  =  Pe,  Ru,  Os)  indicate  that  the 
metal- hydrogen  bond  moment  is  certainly  less  than  2  D,  and,  owing  to 
the  increased  negative  character  of  the*  trans- halogen  under  the  influence 
of  the  hydride  ligand,  probably  much  loss  than  2  D.  Therefore,  we  can 
exclude  for  the  hydride- complexes  of  rhodium(I)  and  cobalt (I)  a  tetra¬ 
gonal  s truoture  with  the  four  phosphorous  atoms  on  the  same  plane  of 
the  metal.  The  values  of  the  dipole  moments  :f  these  hydrido- complexes 
rather  suggest  a  distorted  tetrahedral  arrangement  of  the  phosphorous 
atoms  surrounding  the  rentral  me  tar  atom,  with  the  hydrogen  atom 
situated  along  a  trigonal  axis.  This  type  of  structure,  similar  to 

(9) 

that-  pnjposed  for  the  c  .-balt  tetraca.rbonyl  hydride  ' ,  would  account 

(5) 

for  the  asserted  isomorphism  of  Chatt’ s  compound  ,  now  shovm  to  be 
a  hydrido-der.tvative,  with  the  tetrasoordinated  complexes  of  nickel(O) 
and  palladium! 0)  with  t.  -  same  dipnosphine. 

The  compounds  here  described  represent  the  first  example  of  very 
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stable  hydrido- complexes  with  a  non-ortogonal  configuration  and  with 
the  metal  in  the  oxidation  state  +1 . 

Nuclear  Magnetic  Resonance.  The  spectra  of  the  hydride- complexes, 
carried  out  in  deuterated  benzene  with  the  Varian  4310  C  apparatus, 
did  not  show  any  band  assignable  to  the  proton  resonance  of  the 
hydridic  hydrogen,  probably  for  one  or  more  of  the  following  reasons: 
poor  solubility  of  the  compounds  in  benzene;  inadequate  sensitivity 
of  the  apparatus;  splitting  of  the  hydrogen  band  in  a  number  of  very 
weak  bands,  owing  to  the  interaction  of  the  proton  with  the  phosphorous 
nucleii  of  spin  1/2.  The  very  -harp  bands  shown  by  the  C6H5  and  CH2 
groups  of  the  ligand  confirm  the  diamagnetism  of  these  compounds, 
indipendently  determined  by  Gouy* method,. 

Sxp§giT‘|gial 

The  diphosphine  (CH2.PPh2)2  v?as  prepared  as  described  by  Chatt  and 
Hart^10\  The  hydrido- complexes  were  manipulated  in  an  atmosphere  of 
dry  nitrogen,  and  their  m.p.s  were  determined  in  evacuated  tubes.  The 
infrared  spectra  were  obtained  in  Nujol  with  the  Perkin-Elmer  237 
spectrometer. 

Tl4l , 2-bi s ( diphenyl ohosphino ) ethane '  rhodium ( I )  chloride  [Rh(C2H4 'pT az \  2 ) 2 
Cl.  A  solution  of  the  diphosphine  (3.1  g.,  2  mols)  in  benzene  (20  0.0. | 
was  added  to  a  solution  of  fRh(C0)2Cl|  2  (0.7  g.,  1  mol)  in  benzene. 
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The  resulting  yellow  precipitate  was  collected,  washed  with  warm 

"benzene  and  dried.  The  compound  is  diamagnetic,  soluble  in  chloroform, 

methylene  chloride,  methanol,  ethanol  and  acetone,  insoluble  in 

benzene  and  light  no tr oleum,  m.p.  215°  (Pound:  C,  66.70;  H,  5.-19; 

Cl,  3.80;  C52H4801PAHh  requires  C,  66.77;  H,  5.17;  Cl,  3.19').  .  olar 

conductivity  10“3  a,  in  nitrobenzene  at  28°:  }  -•  24.0  mhos. 

m 

Hi-  t  2~bls(dinhenylphosphino)ethanelrhodium(I)  perchlorate 

\  ^  J  -i-.r-.u-r  ... 

[irn( C2ll4{plh2}  2)2]  OIO4.  A  solution  of  the  chloride  described  above, 
in.  ethanol,  was  treated  with  an  ethanol io  solution  of  sodium  perchlo¬ 
rate.  The  resulting  golden- yt 11  r.v  precipitate  was  collected,  wa  hod 
with  ethanol  and  dried,  m.p.  .,82°  (Found:  C,  61.75;  H,  4.74;  01,  : . €:■ : 

0 s 2 H<v 0 0 IO4 Pa tih  requires  C,  62.49;  ii,  4.84;  Cl,  3.53).  .  olar  conduct! 
vity  10-3  TT  in  nitobenzene  at  °5°*  X  n  '  PI  *6  mnos, 

/;i-  fl  ,'-~bis(diuhonvlPho  .  \dno)  ethane)  rhodiun(I)  t e trapheny lb 0 rate 

^  .  * ■  -5 

JjRh ( C2 H4 jr j  2 ) 2J B?h4 »  was  similarly  prepared  from  the  chloride  and 
sodium  tetraphenylboratc.  Light  yellow  powder,  m.p.  246°.  (Pound:  C,  75.3; 
H,  5.76;  C76H68BP4ldi  requires  C,  74.38;  H,  5.62,4).  ..olar  conductivity 
10“3  M  in  nitrobenzene  at  25°:  Am=  15.7  mhos. 


Hydridodi-  ji , '  ~bis(diphenvlrho  ,r>hi no) ethane] r’nodium(  X )  J^PhH ( C 2 H4 (if h2J  2 ) 2 
a)  A  solution  of  [Rh(l)T'f )2^ Cl  (2,0  g.,  1  mol)  in  ethanol  (40  c.c.)  was 
treated  with  a  solution  of  sodium  borohydride  (0.24  g.,  3  mols)  in 


j 


I 
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ethanol  (30  c.c.)  under  nitrogen.  The  resulting  orange  crystalline 
precipitate  v/a^  filtered,  dried  and  crystallised  from  benzene  by 
adding  ethanol.  Liamagnetic  orange  plates,  m.p.  242°,  deoomp.  280°, 
soluble  in  benzene,  insoluble  in  ethanol,  methanol,  light  petroleum. 
(Pound:  C,  69.25;  II.  5.62:  P,  14. ij  C52H49PARI1  requires  C,  69.33: 

H,  5.48;  ?,  13.75$). 

b)  A  solution  of  [Rh(i)PE)2jci  (1.0  g.,  1  mol)  in  tetrahydrofuran  (30 
c.c.)  was  treated  with  an  excess  of  lithium  aluminium  hydride  in 
te trahydrof uran  under  nitrogen.  The  original  yellow  solution  rapidly 
became  orange  and  ethanol  was  tnen  lowly  added  until  effervescence 
ceased.  The  solvent  was  removed  at  6  mm  and  from  the  benzene- soluble 
portion  of  the  residue  the  orange  complex  was  precipitated  with 
ethanol.  The  compound  was  identified  by  its  infared  spectrum. 

T.  ou  ter  idodi- <1 , ?-bis(diphenylrhosphino)ethanelrhodium( I) ,  wa s 
similarly  prepared  in  tetraiiydrofuran  from  Rh(D?l)2^joi  and  lithium 
aluminium  deuteride . 

Hydridodi- ^1 , 2-b.is(dirhenyI ; hosohino) ethane^  cobalt ( I)  fcoH( 22H4 h2 ’  2 

was  prepared  from  dibromodl-jl ,--bis(diphenylphosphino)ethanejcobalt 

and  sodium  borohydride  both  in  absolute  ethanol,  as  the  corresponding 

(5} 

rhodium- derivative,  end,  according  Chatt  ,  in  2:1  ethanol-water 
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solution.  Diamagnetic  red  plates,  m.p.  237-40°,  decomp.  280°,  (Pound: 

C,  72.8;  hT,  5.86;  P,  14.5;  C«2H49Co?4  requires  C,  72.90;  H,  5.77;  P,  14.46;"). 

Reactions  of  the  Hydrido- complexes.  (1)  Reaction  with  perchloric 
acid.  The  hydrido- complex  of  rhodium  (0.1374  g.)  was  trated  in  an 
evacuated  apparatus  with  a  solution  (5  c.c.)  of  1  K  perchloric  acid 
in  ethanol(80$)-water,  and  the  evolved  gas  (  4.00  c.c.  at  20°  ahd  750 
jam)  collected.  L'olar  ratio,  hydrogen  to  complex,  equal  to  1,06.  The 
solid  residue,  filtered  off,  washed  with  ethanol  and  dried,  was 
identified  as  &i-jl ,2-his(diphenylphosphino) ethane] rhodium ( I)  perchlo= 
rate  "by  its  infrared  spectrum,  m.p.  and  analysis.  (Pound:  Cl,  3.72$). 

(2)  Reaction  with  hydrogen  chloride.  The  hydrido- complex  of  rhodium 
(0.1312  g.),  treated,  as  described  above,  with  a  1  1,:  solution  (5  c.c.) 
of  hydrogen  chloride  in  ethanol ( 80$ )- water,  gave  off  hydrogen  (3.60 
c.c.  at  20°  and  750  mm)  in  a  molar  ratio  hydrogen  to  complex  of  0.997. 
Another  sample  of  the  hydrido- complex  (2.0  g.),  suspended  in  ethanol 
(  15  c.c.),  was  treated  with  the  1  K  solution  (10  c.c.)  of  hydrogen 
chloride  in  aquecus  ethanol  under  nitrogen.  After  the  effervescence 
ceased,  the  solvent  was  removed  under  vacuum  ana  the  residue  recrystal= 
lized  fran  benzene,  yielding  a  light  yellow  crystalline  compound,  m.p. 

1 80-2° ,  soluble  in  organic  polar  solvents,  rather  soluble  in  benzene, 
diamagnetic.  (Pound:  C,  61.15;  H,  5.26;  Cl,  7.14;  C52H49Cl2PARh  requires 
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M  6'. '7;  H,  5.08;  Cl,  7, '  olar  conductivity  10*"°  F  in  nitro= 
t-'-nzone  at  25°:  17.8  who;-. 

("^  Reaction  with  carbon  tetrachloride.  The  hydrido- complexes  of 
n  odium  and  cf  cobalt  (0.1  g.)  7/ere  treated  with  carton  tetrachloride 
(0„?5  c.c.)  under  nitrogen.  After  a  few  minutes,  the  solvent  was 
distilled  under  vacuum,  collecting  it  in  a  dry-ice  trap,  and  its  infrared 
pectrum  recorded  using  0.1  mm  cells  and  pure  carbon  tetrachloride  as 
"eference.  The  presence  of  the  chloroform  in  the  solvent  was  proved 
by  the  bands  at  1217  and  668  cm"1, 

1'  potion  .of  di-J i ,  "-bi r.  ( d  inhenyl-phosphlno  ^  e thane j  rhodium ( I )  chloride 
with  hydrogen  chloride.  A  solution  of  ) Rh(DPF.)2] 01  (!.0  .)  in  ethanol 

{  0  c.c.)  was  treated  as  under  (!)  with  a  1  solution  of  hydrogen 
chloride  in  aqueous  ethanol  (10  c.c,).  After  removal  of  the  solvent 
under  vacuum  and  recrystallisation  of  the  residue  from  benzene,  the  light 
.  yellow  product  was  identified  by  its  infrared  spectrum,  m.p.,  conducti=- 
vity  in  nitrobenzene  ( A  -  17. C  mhos),  diamagnetism  and  analysis  (  found: 

6'*.3;  H,  5.18;  Cl,  6.1’7'j)  as  the  same  compound  a-  obtained  under  (2). 
By  treatment  with  sodium  tetraphenylborate  in  ethanolic  solution,  it  gave 
a  light  yellow  precipitate,  m.p.  234°,  slightly  soluble  in  ethanol. 

(Pound:  C,  71.5;  H,  5.65;  Cl,  2.75;  C76H69BClP4Rh  requires  C,  72.64; 
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H,  5.61;  Cl,  2.82£). 


Determination  of  Droole  Moments.  These  were  deter  ined  a:,  described 


(ill 

previously  '  and  are  listed  in  the  Sable. 


W2 

Av 

P 

?T 

D 

—  y\ 

Xj 

RHH(33EE)2 

0.01192 

0.03305 

-0.0049 

2.77 

-0.41 

666.5 

274 

0,01360 

0.03688 

-0.0056 

2.71 

-0.41 

656.0 

274 

CoH(BP3}2 

0.00832 

0.01877 

-0.0037 

2.25 

-0.45 

539.3 

274 

0.00952 

0.01954 

-  0.0044 

2.05 

-0.46 

506.8 

274 

/■»  (o)  }^o(r>) 
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